
US006958580B2 

(12) United States Patent (10) Patent N0.: US 6,958,580 B2 
Kamoi et al. (45) Date of Patent: Oct. 25, 2005 

(54) ELECTRONIC BALLAST FOR A HIGH 5,107,184 A 4/1992 Hu et a1. 
INTENSITY DISCHARGE LAMP 5,872,429 A * 2/1999 Xia et a1. ................. .. 315/194 

5,969,484 A * 10/1999 Santi et al. 315/247 

(75) Inventors: Takeshi Kamoi, Uji (JP); Takahiro 6,094,017 A * 7/2000 Adamson ..... .. 315/307 
Abe, Morioka (JP) 6,181,084 B1 * 1/2001 Lau .......................... .. 315/291 

FOREIGN PATENT DOCUMENTS 
(73) Assignee: Matsushita Electric Works, Ltd., 

Osaka (JP) JP 6-111987 A1 4/1994 

OTHER PUBLICATIONS 
( * ) Notice: Subject to any disclaimer, the term of this 

patent is extended or adjusted under 35 International Search Report for PCT/JP02/05753 mailed on 
U.S.C. 154(b) by 0 days. Oct. 9, 2002. 

(21) Appl. N0.: 10/479,042 * Cited by examiner 

_ Primary Examiner—Wilson Lee 
(22) PCT Flledi Jun‘ 10’ 2002 Assistant Examiner—Marie Antoinette Cabucos 

_ (74) Attorney, Agent, or Firm—Rader, Fishman & Grauer 
(86) PCT No.. PCT/JP02/05753 PLLC 

§ 371 (6X1), 
(2), (4) Date: Apr. 15, 2004 (57) ABSTRACT 

(87) PCT Pub. N0.: WO02/104082 
_ An electronic ballast for a discharge lamp is capable of 

PCT Pub‘ Date‘ Dec‘ 27’ 2002 dimming the lamp over a Wide range, yet assuring to operate 

(65) Prior Publication Data the lamp ef?ciently With a' minimum lamp poW'er variation 
in compensation for a possible lamp characteristic variation. 

US 2004/0183473 A1 Sep. 23, 2004 The ballast provides an unique voltage-Wattage output char 
acteristic Which varies With a varying dimming ratio for 

(30) Foreign APPIiCHtiOII PI‘iOI‘itY Data reducing the lamp poWer as the dimming ratio decreases. 
Jun 13 2001 (JP) 2001478898 The output characteristic is designed to folloW a true lamp 

' ’ """""""""""""" " characteristic that the lamp voltage Will decrease as the lamp 

(51) Int. c1.7 ............................................... .. G05F 1/00 Power is reduced to a Certain isvsi- With this issii1i> ii is 
(52) U S C] 315/291, 315/247, 315/291 possible to give a Wide voltage range Within Which the lamp 

.' l l iiiiiiiiiiiiiiiiiiiii ii ’ ’ oWer being supplied to the lamp is kept substantially 
(58) Field of Search .............................. .. 315/224, 225, P . . . . . . 

constant irrespective of the lamp characteristic variation, 
315/291’ 307’ 219’ 209 R’ DIG' 4’ BIG 5 thereby assuring to reduce the lamp poWer exactly as 

(56) References Cited intended by the dimming ratio even in the presence of the 
lamp characteristic variation. 

U.S. PATENT DOCUMENTS 

4,910,440 A 3/1990 McMullin 15 Claims, 16 Drawing Sheets 

........................ “50.. -—— v1 

LFI—JY\Y\ (_ a2 
31 

25 as 

L11 2: K‘I 

CONTROLLER 
23 

LAMP VOLTAGE l CONTHOLLE? MONITOR as‘ 





U.S. Patent Oct. 25,2005 Sheet 2 0f 16 US 6,958,580 B2 

FIG. 2 

Vla _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..: 

6O LAMP 

VOLTAGE 
MONITOR 

36 

TARGET ; 
>- CURRENT ~j-> 
GENERATOR Eto 

DIMMER 69 531 
100 y : 

Vref 



U.S. Patent Oct. 25,2005 Sheet 3 0f 16 US 6,958,580 B2 

FIG. 3 

DIMMING 
RATIO 

Vref 

RATED § REDUCING LAMP ' 
LAMP POWER 5 POWER 



US 6,958,580 B2 

8w Q9 Q2 Ct 08 o2 9: Q2 09 o: 2: 8 8 E 8 om 9‘ 8 ON 2 Q 

/ ......... .. $8 ......... .. 

....... .. 

6 / £00m . . . . . . . . . . . . . . . ... 

1 / .. .. 

M I I I I I I I’ U l I O U I l U‘ 

m $8? / . . . . . . . . . . . . . . . . .. 

e L’ 0 . p I o | n - 

m \_ . . . . . . . . , . . . . . . - I 

6 mw_u__._n__>_< I .... .. .. . 

“6525150 / M . ‘ . . . . . .. 

m §> ........................ .. 2 ....... .. 

a ....... .. 

0 ........ .. 

t n e t a 

P i 

S. w GI 

U 

e|1 luauno dwe| 196121 





U.S. Patent Oct. 25,2005 Sheet 6 6f 16 US 6,958,580 B2 

com 00? cm? o: 02 om? 91 on? ow? o: 02. 

A263 m_> wmm=o> QEE 

om cm on ow om ow om om ow 

o 

om om ow om cm on ow 
(%) one: 1aMod dwe| 

om cow 0: m .GI 



U.S. Patent Oct. 25,2005 Sheet 7 0f 16 US 6,958,580 B2 

FIG. 7 

VCC 60A 

+ \ ‘v V71 

71 

_L _/65A 

Vla _ l7 

\7 + 

LAMP ‘ 
VOLTAGE '\/\/\, - - K] d. 
MONITOR + W 

36A \ 
61A 

Va 

" TARGET ‘ 

REFERENCE - OuRRENT ' 

VOLTAGE GENERATOR to 31 
GENERATOR 69A 

80 

M Vref 
I\I 

DIMMER 

1 00A 



U.S. Patent Oct. 25,2005 Sheet 8 0f 16 US 6,958,580 B2 

FIG. 8 

DIMMING RATIO 

Vla 

Va \ 

Vref 

-\ 

phase 1 phase 2 

RATED REDUCING LAMP POWER 
LAMP POWER 



U.S. Patent 

202 m_> mmm=o> QEQ UQBEQE 

com 02 ow? o: ow? om? o: 02 om? o: oo_. om cm on ow om, ow om ow o? o 

/ ............ a. ....... .. 

US 6,958,580 B2 

.65 

Sheet 9 0f 16 5 0 0 2 

5, \ / ‘ 1 

2 .... .. m 

m _ \ ........ .. 

e w d 

“6 E2 SE30 



U.S. Patent Oct. 25,2005 Sheet 10 0f 16 US 6,958,580 B2 

3:03 £> omm=o> 952 
O8 84 of Qt cm: Q2 Q3 of 8? o: 2! 8 8 8 8 8 8 8 8 2 o 

a, o 

I'M.’ Ow 

................ 8 

/ . . . . . . . . . . . .. 8.8 ...... .. 8 

/.... . . . . . . . n‘com ‘ ...... .. .Jn . . I . .. // . . .. ........ 8 l 

.A. ~_.- Du 

/ . ~ - ...... Q .w__ M 

/ 8 E .. 8 w 

/ ...... .. E m 

//....... ....... .. w 

.. _: 8 m. 

/ .___ w ._. G 8 

Q0 Q8 ___ % 

woz<m 6>>owZoEzoo o 3 

wo<t<>>éz<kwzoo w>pownwm 



U.S. Patent Oct. 25,2005 Sheet 11 0f 16 US 6,958,580 B2 

. . . . - . . . . . . . . . . . . - . . _ . . . ‘ . - . . . . . - . . . . . . . . > . . . . . . _ . . . > . . . . . . . . . . . . . - - . . . - . . . . . . . . . . . . . . . . . - . . . - . . . . . . . 

LAMP‘ 
VOLTAGE § MONITOR ; *"K: V6‘ 3 

368 

Va 618 Z i i TARGET 3 
- - ' CURRENT _;__, 

J; 3: g GENERATOR H031 
69B 

Vref ' 

5 ' DIVIDER ? 82 i 





U.S. Patent Oct. 25,2005 Sheet 13 0f 16 US 6,958,580 B2 

Aw=o>v m_> mmm=o> QEE 8N Q2 2: oh 9: 8; Q3 8P8? Q2 Q2 8 8 E 8 8 3 8 8 2 o 

. o 

2 

.......................................................... a ............................................................................................ 8 \\ Ow 

/ ....... .. 8 | 

........................................................... .. e 
/ \ 8 w 

‘ 

/ ............ .............. ............................. .m 

..................... . E m 

o \/ w 

\ / \A \ / 8 w 

\ . . . . . . . om ( 

\ \ L / o2 
\ \ ~ . a: a> Nmw> wwz<m 6>>om= .6528 65> 

. mw<t<>>éz<5zoo wzhmmum . 

,2 GE 



U.S. Patent Oct. 25,2005 Sheet 14 0f 16 US 6,958,580 B2 

com 00* ow? our ow? om? o: 09. cm? 0: 0o? 

om owAK ow om 0*. on cm or o 

/ 

Illllllllll IIIlll -llll 

vl‘lll Illl 

:iwm» 

"I I’ I" 

lllll I! II III II ll‘. ‘ ‘I I 

II III II I 

I III II . I I 

III I III II II 
I‘ I I ' 

‘I ' I I II! l1!!! \ II II III II I 
‘I I l I 

II I I I I I 

I I II I A III II II II I 
II I I I I 

/ . I I I 

| I! I I I 

I I I I 

I! II I?! II I: 

I I I I I v 

I I 

“a II! I! I!‘ I..! I I; 

I I 

l 

I 

a 

a 
‘v 

65 
9|} lueuno dwe| 1961B; 

3 GI 



U.S. Patent Oct. 25,2005 Sheet 15 0f 16 US 6,958,580 B2 

562 m_> 092? 9:2 UEBEOE 

com 02. cm? o: 02 om? c3 02 om? o: o2 8 cm on ow om ow om cm 2 o 

.4, o 

// , \ujunuuu \\..|\|\|\\\ \\\~\\ \ Ow 

. ....... \ 

........ - . V ow 

// .... . / §2>X ‘i- - i . \ .\. \ on M \ J \ 

/.:l a .................. Intel-Run“ -------- l-\l ||||||||||||||||||||| 1.3 0v 
405200. “If \ 8 

Emmmnopz?wzoo /J.-:iw\.\.\.. ........ .............. 
F . ‘ 

......... ..... ............... H 

"MSW- Iii: :N.\\\: :i. i: i.-- :F-EB \.\ ow 

Or .... 8 

,/< \ 02 

2 GE 



U.S. Patent Oct. 25,2005 Sheet 16 0f 16 US 6,958,580 B2 

FIG. 16 (prior art) 

lamp power Wla 

lamp voltage Vla 

FIG. 17 (prior art) 

lamp voltage Vla 

lamp current Ila 



US 6,958,580 B2 
1 

ELECTRONIC BALLAST FOR A HIGH 
INTENSITY DISCHARGE LAMP 

TECHNICAL FIELD 

The present invention relates to an electronic ballast for a 
high intensity discharge lamp, and more particularly to an 
electronic ballast With a dimmer control capability for 
dimming the lamp. 

BACKGROUND ART 

Japanese Patent Early Publication No. 6-111987 discloses 
a prior art electronic ballast for a high intensity discharge 
lamp With a dimming capability. The ballast includes a 
poWer converter Which converts an input DC voltage into a 
lamp poWer for driving the lamp, a dimmer providing a 
dimmer command of a varying dimming ratio, and a con 
troller Which controls the poWer converter to reduce the 
lamp poWer as the dimming ratio decreases. A voltage 
monitor is included to monitor a lamp voltage across the 
lamp as indicative of a lamp characteristic during the 
dimming operation. While the lamp poWer is reduced to a 
certain level, i.e., the dimming ratio decreases from 100% 
doWn to a relatively high ratio, the controller makes a 
constant Wattage control of varying a lamp current in 
accordance With the lamp voltage being monitored so as to 
supply a roughly constant lamp poWer to the lamp. As the 
dimming ratio decreases further, Which is acknowledged by 
the lamp voltage exceeding a critical level, the controller 
sWitches to a constant current control of supplying a con 
stant current only determined by the dimming ratio and not 
by the monitored lamp voltage in order to dim the lamp to 
a deeper extent Without causing a lamp extinction. 

The above constant Wattage control during the lamp 
dimming is realiZed based upon an assumption that the lamp 
voltage remains substantially constant While the lamp poWer 
is reduced from a rated poWer to the certain level at Which 
the lamp voltage turns to increase beyond the critical level. 
That is, the controller is designed to have a voltage-Wattage 
output characteristic Which gives generally quadratic func 
tion curves respectively for varying dimming ratios (a), (b), 
and (c), as shoWn in FIG. 16. These curves, Which are 
generated in accordance With voltage-current relations deter 
mined respectively for different dimming ratios, as shoWn in 
FIG. 17, have individual apexes aligned along a ?xed lamp 
voltage to provide an operable voltage range around the 
apex for each curve. The operable voltage range de?nes a 
voltage range Within Which a lamp characteristic curve Q1 
crosses the output curves (a), (b), and (c) for operating the 
lamp While keeping the resulting lamp poWer at roughly the 
same level even in the presence of a possible variation in the 
lamp characteristic Q1. That is, When the lamp characteristic 
Q1 curve intersects the output curves (a), (b), (c) Within the 
operable voltage range, only a small deviation in the lamp 
poWer is seen to assure the constant Wattage control for 
dimming the lamp to a reduced lamp poWer as intended, 
irrespective of a possible variation in the lamp characteristic 
that may be caused by a lamp manufacturing process. 

Although the prior art ballast teaches the constant current 
control for successfully dimming the lamp to a deeper 
extent, the above constant Wattage control is not satisfactory 
for dimming the lamp consistently due to the fact that the 
lamp characteristic during the lamp dimming does actually 
folloW a curve Q rather than Q1 as assumed in the prior art 
ballast. That is, the lamp voltage Will decreases as the lamp 
poWer reduces from its rated poWer to a certain level, for 
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2 
example, 40% of the rated lamp poWer. With this result, an 
even slight variation in the lamp characteristic (shoWn for 
example by a curve Q2 in FIG. 16) brings about a consid 
erable variation in the lamp poWer. Such considerable lamp 
poWer variation has to be avoided particularly When tWo or 
more discharge lamps are simultaneously dimmed since the 
lamp characteristic variation results in an appreciable lamp 
poWer difference although they are intended to be dimmed 
to the same level. 

DISCLOSURE OF THE INVENTION 

The present invention has been accomplished in vieW of 
the above insuf?ciency to provide an improved electronic 
ballast for a high intensity discharge (HID) lamp Which is 
capable of dimming the lamp over a Wide range, yet assuring 
to operate the lamp efficiently With a minimum lamp poWer 
variation in the presence of a possible variation in the lamp 
characteristic. The ballast in accordance With the present 
invention includes a poWer converter Which converts an 
input DC voltage into a lamp poWer for driving the high 
intensity discharge lamp, a dimmer Which provides a dim 
mer command of a varying dimming ratio in order to reduce 
the lamp poWer for dimming the lamp to a deeper extent as 
the dimming ratio decreases. Also included in the ballast are 
a voltage monitor for monitoring a lamp voltage across the 
discharge lamp, and a controller Which controls the poWer 
converter to provide a voltage-Wattage output characteristic 
Which gives a lamp poWer varying With the varying lamp 
voltage being monitored. The controller receives the dimmer 
command and provides the voltage-Wattage output charac 
teristic Which lowers the lamp poWer for the given moni 
tored lamp voltage as the dimming ratio decreases. The 
voltage-Wattage output characteristic of the ballast de?nes 
an effective constant Wattage control (ECWC) voltage range 
Within Which the poWer converter is controlled to give a 
roughly constant lamp poWer, While alloWing only a small 
lamp poWer error from a maximum lamp poWer When the 
monitored lamp voltage varies betWeen a loWer bound and 
an upper bound of said ECWC voltage range due to a 
possible variation in the lamp characteristic. The lamp 
poWer error is selected, for example, to correspond to about 
5% or less of the maximum lamp poWer intended by the 
given dimming ratio. The important feature of the present 
invention resides in that the controller operates to modify the 
voltage-Wattage output characteristic in such a manner as to 
loWer the loWer bound of the ECWC voltage range as the 
dimming ratio decreases doWn from 100% at Which a rated 
poWer is supplied to the discharge lamp. This means that the 
ECWC voltage range is shifted to a loWer voltage side as the 
dimming ratio decreases in an exact match With an actual 
lamp characteristic experienced during the lamp dimming. 
Whereby, it is possible to minimiZe the lamp poWer variation 
at any applicable dimming ratio, i.e., reduced lamp poWer 
level, even in the presence of a possible lamp characteristic 
variation caused by a lamp manufacturing process. There 
fore, the lamp can be dimmed to an exact level as intended 
by the dimming ratio, While compensating for any alloWable 
lamp characteristic variation. Accordingly, When tWo or 
more lamps are dimmed to the same dimming ratio, their 
output poWers can be reduced to the same level consistently, 
i.e., Without causing any appreciable output poWer differ 
ence. 

The controller operates to loWer the loWer bound of the 
ECWC voltage range until the dimming ratio decreases to a 
predetermined level beloW Which the lamp voltage of the 
lamp turns to increase With a further decreasing of the lamp 
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power. The predetermined level is selected to correspond to 
a lamp poWer as intended by the dimming ratio of 30 to 50%, 
above Which the lamp voltage decreases With the decreasing 
lamp poWer and beloW Which the lamp voltage increases 
With the decreasing lamp poWer. In this connection, the 
controller gives the ECWC voltage range of Which loWer 
bound is shifted by approximately 20 V When the dimming 
ratio decreases from 100% to 50%. 

Preferably, the controller has an additional function of 
controlling the poWer converter to provide a constant current 
control for supplying to the discharge lamp a constant 
current determined solely by the dimming ratio and not by 
the instant lamp voltage being monitored. Once the dimming 
ratio is loWered past the predetermined level, the controller 
sWitches the constant Wattage control to the constant current 
control for further reducing the lamp poWer successfully to 
a deeper extent. 

The constant current control is designed to restrict the 
constant current such that the constant current gives a 
resulting lamp poWer not exceeding the lamp poWer given to 
the discharge lamp When it is operated at the dimming ratio 
of 100%. With this design, the ballast can be made safe not 
to apply an excessively high poWer at the deep dimming 
ratio Where the lamp exhibits the increased lamp voltage. 

In another version, the controller may be designed to give 
the effective constant Wattage control (ECWC) voltage 
range having a Width Which increases as the dimming ratio 
decreases doWn from 100%. This is particularly advanta 
geous in compensating for the lamp characteristic having a 
greater variation as the dimming ratio decreases. In this 
connection, the effective constant Wattage control voltage 
range may be de?ned as a range Within Which the lamp 
poWer is substantially ?xed irrespective of the lamp voltage 
varying from the loWer bound to the upper bound. Thus, a 
true constant Wattage control can be realiZed during the lamp 
dimming even in the presence of the lamp characteristic 
variation, assuring a consistent dimming control in an exact 
correspondence to the selected dimming ratio. 

Also in this version, the controller is preferred to restrict 
the lamp poWer in the course of dimming the discharge lamp 
such that the lamp poWer, Which is given to the lamp as 
corresponding to the lamp voltage varying With the dimming 
ratio, does not exceed the rated lamp poWer given to the 
lamp When it is operated at the dimming ratio of 100%. 

The controller may be further added With the above 
constant current control Which takes over the constant 
Wattage control after the dimming ratio decreases past the 
predetermined level at Which the lamp voltage turns to 
increase With a further decrease of the lamp poWer. 

Further, the above constant current control is preferably 
made to restrict the constant current such that the constant 
current gives a resulting lamp Wattage not exceeding the 
lamp Wattage given to the discharge lamp When it is operated 
at the dimming ratio of 100%. 
A more complete appreciation of the invention and many 

of the attendant advantages thereof Will become readily 
apparent With reference to the folloWing detailed descrip 
tion, particularly When considered in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of an electronic ballast in 
accordance With a ?rst embodiment of the present invention; 

FIG. 2 is a circuit diagram of a controller utiliZed in the 
above ballast; 
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4 
FIG. 3 is a Waveform chart illustrating the operation of the 

controller; 
FIG. 4 is a graph illustrating the operation of the control 

ler; 
FIG. 5 is a graph illustrating the operation of the ballast; 
FIG. 6 is a graph illustrating a possible lamp characteristic 

variation; 
FIG. 7 is a circuit diagram of a controller for an electronic 

ballast in accordance With a second embodiment of the 
present invention; 

FIG. 8 is a Waveform chart illustrating the operation of the 
controller; 

FIG. 9 is a graph illustrating the operation of the control 
ler; 

FIG. 10 is a graph illustrating the operation of the ballast; 
FIG. 11 is a circuit diagram of a controller for an 

electronic ballast in accordance With a third embodiment of 
the present invention; 

FIG. 12 is a graph illustrating the operation of the 
controller; 

FIG. 13 is a graph illustrating the operation of the ballast; 
FIG. 14 is a graph illustrating the operation of a ballast in 

accordance With a fourth embodiment of the present inven 
tion; 

FIG. 15 is a graph illustrating the operation of the ballast; 
and 

FIGS. 16 and 17 are graphs illustrating the operations of 
a prior art ballast. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

The preferred embodiments Will noW be described With 
reference to the accompanying draWings, Wherein like ref 
erence numerals designate corresponding or identical ele 
ments throughout the various draWings. 

First Embodiment <FIGS. 1 to 6> 

Referring noW to FIG. 1, there is shoWn an electronic 
ballast for a high intensity discharge lamp in accordance 
With a ?rst embodiment of the present invention. The ballast 
is designed to operate a high intensity discharge (HID) lamp 
including the metal halide HID lamp. The ballast includes a 
recti?er 10 adapted to connected to an AC mains to provide 
a recti?ed DC voltage, a boost converter 20 for converting 
the recti?ed DC voltage into a boosted voltage, a buck 
converter 30 for converting the boosted voltage into a 
regulated DC voltage, an inverter 40 for converting the 
regulated DC voltage into a loW frequency AC voltage of 
rectangular Waveform Which is applied to a lamp L for 
operating the same, and an igniter 90 for igniting the lamp. 
The boost converter 20 includes an inductor 21 and a 
transistor sWitch 22 Which are connected in series across the 
recti?er 10. The sWitch 22, Which is a MOSFET (Metal 
Oxide semiconductor Field Effect Transistor), is controlled 
by a controller 23 to turn on and off at a high frequency to 
accumulate the resulting voltage into a smoothing capacitor 
25 through a diode 24. The controller 23 monitors the 
voltage across the capacitor 24 to keep the output DC 
voltage at a constant level in a feedback manner. 

The buck converter 30 includes a transistor sWitch 31 
connected in series With an inductor 32, and a smoothing 
capacitor 33 across the smoothing capacitor 25. The sWitch 
31 made of MOSFET, is controlled by a controller 60 to turn 
on and off at a varying duty ratio to supply a varying current 
and voltage to the inverter 40 through the inductor 32 and 
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the capacitor 33. In this sense, the buck converter 30 acts as 
a power converter Which varies a lamp current or lamp 
poWer being supplied to the lamp L through the inverter 40. 
Alamp voltage monitor 36 is included to monitor the voltage 
V1 across the smoothing capacitor 33 as indicative of the 
lamp voltage Vla being applied to the lamp L. Based upon 
the monitored voltage, the controller 60 operates to vary the 
lamp poWer in accordance With a predetermined pattern in 
order to ignite and keep operating the lamp. 

The inverter 40 includes a ?rst pair of sWitches 41 and 42 
connected in series across the capacitor 33, and second pair 
of sWitches 43 and 44 connected in series across the capaci 
tor 33 in parallel With the ?rst pair. The sWitches 41 to 44 are 
each realiZed by MOSFET. Also included in the inverter is 
a capacitor 45 connected across the lamp L, and an inductor 
46 Which is connected in series With the lamp L betWeen a 
connection point of sWitches 41 and 42 and a connection 
point of sWitches 43 and 44. The sWitches 41 to 44 are driven 
by a driver 48 to turn on and off repetitively for supplying 
the resulting AC current Ila to the lamp L. In detail, a 
diagonally opposed pair of sWitches 41 and 44 are simulta 
neously turned on and off at a loW frequency in an alternat 
ing fashion With another diagonally opposed pair of sWitches 
42 and 43 Which are also turned on and off simultaneously 
at the loW frequency. The netWork of sWitches 41 to 44 may 
be controlled in such a manner that one sWitch of each 
diagonally opposed pair is driven at a high frequency While 
the other sWitch is turned on at a loW frequency, and that the 
loW frequency driven sWitch in one diagonally opposed pair 
is turned on and off at the loW frequency in alternating 
relation With the loW frequency driven sWitch in the other 
diagonally opposed pair. In this modi?cation, the high 
frequency driven sWitches can be utiliZed as an alternative to 
the sWitch 31 of the buck converter 30. Although the 
illustrated embodiment utiliZes the inverter 40 of a full 
bridge con?guration, it is equally possible to utiliZe an 
inverter of a half-bridge con?guration. Further, the sWitches 
41 to 44 may be each realiZed by a bipolar transistor With a 
diode connected in an anti-parallel relation across the tran 
sistor. 

The ballast includes a dimmer 100 Which gives a dimmer 
command of a variable dimming ratio Which is de?ned in the 
description to be a ratio of a reduced lumens to a rated 
lumens, i.e., the reduced lamp poWer to a rated lamp poWer. 
For easy reference purpose, the dimming ratio is expressed 
in term of a percentage throughout the description. For 
example, 80% dimming ratio means 80% of the rated lamp 
poWer or lumens. The dimmer 100 is accessible by a user to 
adjust the dimming ratio. Upon receiving the dimmer com 
mand of thus adjusted dimming ratio, the controller 60 
loWers the duty cycle of the sWitch 31 responsible for 
providing the voltage V1, thereby loWering the lamp current 
being supplied to the lamp for dimming the lamp. 
NoW referring to FIG. 2, details of the controller 60 Will 

be discussed herein. Basically, the controller 60 is designed 
to make a constant Wattage control of providing a roughly 
constant lamp poWer or lumen as intended by the dimming 
ratio selected, While compensating for a possible variation in 
lamp characteristic regarding a voltage-Wattage relation 
inherent to the lamp. The controller 60 includes a differential 
ampli?er 61 having an inverting input receiving the moni 
tored lamp voltage Vla from the lamp voltage monitor 36 
through an input resistor 62, and an non-inverting input 
receiving a voltage Va indicative of the varying dimming 
ratio. Avariable feedback resistor 63 is connected across the 
inverting input and an output of the ampli?er 61 to vary a 
gain of the ampli?er in accordance With the dimming ratio. 
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6 
As shoWn in a Waveform chart of FIG. 3, the dimmer 100 
gives the voltage Va Which is loWered With the decreasing 
dimming ratio and Which decreases the gain of the ampli?er 
61 With the decreasing dimming ratio. The output V61 of the 
ampli?er 61 is compared at a comparator 64 With a reference 
voltage Vref from a voltage source 65 such that the output 
V61 of the ampli?er 61 is supplied to a target current 
generator 69 through a transistor 66 While the output V61 is 
loWer than the reference voltage Vref. OtherWise, the refer 
ence voltage Vref is fed to the generator 69 through a 
transistor 67, as shoWn in FIG. 4. The output V61 of the 
ampli?er 61 or the reference voltage Vref indicates a target 
lamp current Which the buck converter 30 is controlled to 
provide. That is, the generator 69, in response to the output 
V61 of the ampli?er and the reference voltage Vref, controls 
the transistor sWitch 31 of the buck converter 30, i.e., the 
poWer converter to provide the lamp current to the lamp 
through the inverter 40. 
As shoWn in FIG. 4, the output V61 of the ampli?er 61, 

i.e., the target lamp current increases With the decreasing 
lamp voltage While the output V61 of ampli?er 61 is beloW 
a level de?ned by the reference voltage Vref in order to 
achieve the constant-Wattage control. An inclined solid line 
in the ?gure indicates a voltage-current relation given by the 
output V61 of the ampli?er 61 at the dimming ratio of 100%. 
As the dimming ratio decreases, the above relation varies as 
indicated by inclined dotted lines respectively marked With 
the dimming ratios of 70% and 50% in the ?gure. It is noted 
in this connection, a horiZontal line marked by Vref indicates 
that the ballast is controlled to make a constant current 
control of providing a constant lamp current in a lamp 
starting period for achieving a transition of the lamp ignition 
stage to a stable lamp operation stage. With this constant 
Wattage control, the ballast provides a voltage-Wattage out 
put characteristic for each dimming ratio, as shoWn in FIG. 
5. The output characteristic thus given to the ballast de?nes 
an effective constant-Wattage control (ECWC) voltage range 
Within Which the lamp poWer varies only Within a small 
lamp poWer error from a maximum lamp poWer as the 
monitored lamp voltage varies. The lamp poWer error is 
selected to correspond to 5% or less of the maximum lamp 
poWer obtained by the output characteristic for each dim 
ming ratio. It is Within this ECWC voltage range that a 
roughly the same lamp poWer is applied to the lamp irre 
spective of the variation in the lamp voltage being monitored 
as a result of the lamp characteristic variation that may be 
caused by a lamp manufacturing process. As a result of that 
the line de?ning the voltage-current relation of the output of 
the ampli?er 61 is designed to be loWered as the dimming 
ratio decreases, as seen in FIG. 4, the ECWC range shoWn 
in FIG. 5 is shifted to a loWer voltage side as the dimming 
ratio decreases, thereby exactly folloWing a general lamp 
characteristic Q curve With regard to voltage-Wattage rela 
tion Which the lamp is assumed to exhibit during the lamp 
dimming. Therefore, the ballast can provide the output 
characteristic Which can compensate for a Wide variation in 
the lamp characteristic, While dimming the lamp at the 
dimming ratio of from 100% to about 50%. In fact, although 
the lamps of the same rating may have some variations in the 
lamp characteristics, an experiment shoWs that the lamps 
exhibit a general tendency that the lamp voltage decreases as 
the lamp poWer decreases doWn to a certain level, say about 
30 to 50%, as shoWn in FIG. 6 in Which lamps Ato C are of 
the same rating available from Matsushita Electric Industrial 
Co., Ltd. Lamps A and B are indentifed by model no. 
“MT150CE-WW”, While lamp C is identi?ed by model no. 
“MT150CE-LW”. Thus, the above control of shifting the 








